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Much of the coastline along the eastern Cape consists of 
shifting sand dunes with little vegetation cover. It was 
postulated that in the Kleinemonde River area Scirpus 
nodosus Rottb., a pioneering sedge of the dune slacks, was 
limited to this region of the dune system because of the 
effect of wind-borne sand and salt spray. This was tested 
by planting seedlings of S. nodosus at seven selected sites 
from the edge of the spring high water mark to the coastal 
scrub and monitoring their growth and corresponding 
environmental factors. Of the soil factors, a detrimentally 
high conductivity was recorded only on the foredunes. Salt 
spray had a deleterious effect on plant growth on the 
foredunes, whereas sand movement was important along 
the entire profile; at some sites the only factor causing the 
death of plants. It appears that sand movement and low 
percentage soil moisture were the major factors preventing 
S. nodosus plants from becoming established throughout 
the dune system. 
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Groot dele van die kuslyn langs die oos-Kaap bestaan uit 
bewegende sandduine met min plantegroeibedekking. Dit is 
aanvaar dat Scirpus nodosus Rottb., 'n pionier watergras 
van die tussenduin-holtes in die Kleinemonderivier gebied, 
beperk is tot 'n streek van die duinsisteem as gevolg van 
die effek van verwaaide sand en soutsproeireen. Saailinge 
van S. nodosus was uitgeplant op sewe uitgesoekte persele 
van die springty-hoogwatermerk tot by die kusstruik-
gewasse om die aanname te toets deur monitering van hul 
groei en ooreenstemmende omgewingseienskappe. Van al 
die grondeienskappe was 'n nadelige hoer elektriese 
geleiding net op die voorduin bepaal. Soutsproeireen het 'n 
nadelige effek op plantegroei op die voorduine uitgeoefen, 
terwyl sandbeweging belangrik was langs die hele profiel en 
op sekere persele was dit die enigste faktor wat plant-
mortaliteit veroorsaak het. Dit lyk asof sandbeweging en 'n 
lae persentasie vogtigheid die belangrikste faktore is wat 
die vestiging van S. nodosus-plante dwarsdeur die 
duinsisteem verhinder. 
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Introduction 
The coastline from Port Alfred to the Fish River consists of 
shifting sand dunes with little vegetation cover (Lubke 1983). 
Sinuous dune ridges run approximately north-south and have 
an overall east or north-east movement as a result of the 
predominance of the west and south-westerly winds during 
the year. Easterly or south-easterly winds in the summer 
months cause a reversal of the predominant sand movement, 
but as the major winds have a southerly component, there 
is a slight northward movement of sand encroaching landward 
(McLachlan et a/. 1982). Heydorn & Tinley (1980) classify 
this stretch of coast as eroding. 
Wind, sand movement and salt spray play an important 
role in limiting vegetation on the foredunes (Lubke 1983) and 
in a previous study it was noted that the percentage soil 
moisture and salt spray are important in controlling the 
distribution of Scirpus nodosus Rottb. plants in the dune 
slacks (Lubke & Avis 1982a). Sand movement is of limited 
importance in the more stable sand of the slack. 
The aim of this article is to show how sand movement and 
wind-borne salt spray limit and prevent the growth of S. 
nodosus plants within the mobile dunes. It appears that wind-
borne sand movement is the most important single environ-
mental factor contributing to the absence of this species on 
the foredunes in the study area. This hypothesis was tested 
by transplanting seedlings of S. nodosus to selected sites within 
the dune system and monitoring their growth, sand movement 
and other environmental factors at these sites. 
Study site 
The section of the coast under study is at Kleinemonde, about 
12 km east of Port Alfred (27° 4 ' East and 34° 33 ' South). 
This area of the seashore, which consists of parabolic dunes 
formed concave to the prevailing winds, is one of the windiest 
areas in South Africa. It is, however, an ideal locality to 
examine the effects of sand movement and wind-borne salts 
on the survival of S. nodosus plants. 
A line transect was taken from the high water mark up 
to the edge of the coastal scrub, passing over the foredunes 
and through the dune slack that we studied previously (Lubke 
& Avis 1982a). Along this transect, sites were selected for 
planting S. nodosus seedlings and recording environmental 
factors (Figure 1). 
Methods 
1. Climatic data 
Climatic data are recorded at the Great Fish Point Lighthouse 
weather station, 2 km east of the study site. Rainfall, 
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maximum and minimum temperatures, wind speed and wind 
direction were taken from these records for the period of the 
study. Light intensity and wind speed were measured at each 
site at 15h00 on 2 September 1983, using a photon density 
meter and a hand-held Casella airmeter, respectively . 
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2. Salt spray 
To determine the distribution of wind-borne salt along the 
dune profile, 'salt-traps', consisting of 20 cm2 pieces of cheese-
cloth stretched onto light wooden frames by means of thumb 
tacks, were used (Oosting & Billings 1942; Lubke & Avis 
SITE SEVEN 
... 
no "0 >30 " 0 
'"' "" 
200 "0 
DISTANCE IN METRES 
Figure I Profile of the study area showing the location of the sites along the transect, and photographs showing the habitat at some 
of the sites. (A) Site one, looking landward in the direction of the profile. (B) Site three, at the seaward edge of the dune slack. 
(C) Site four, in the centre of the established slack. (D) Site five, on the landward edge of the slack, looking in a westerly direction. 
(E) Site seven, at the edge of the coastal shrub. (Sc - Scaevola thunbergii Eckl. & Zey.; Sp - Sporobolus virginicus L. (Kunth); 
Ac - Acacia cyclops A. Cunn.; Sn - Scirpus nodosus Rottb. ; J - ]uncus krausii Hochst.; Cs - Coastal scrub) 
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1982a). Three traps were set up facing the prevailing wind 
at sites 1-7 (Figure 1) on 1 September 1983 when a strong 
onshore (easterly) wind was blowing. In this way it was 
possible to determine the relative amounts of salt deposits at 
the seven sites. After 24 h the cheesecloth was removed and 
1 dm2 cut out of the centre and stored in a glass vial. The 
cheesecloth pieces were soaked in 200 ml distilled water for 
10 min and the amount of chloride present was measured 
using an ElL chloride electrode and a Labotec Specific Ion 
Meter (Model 17). 
3. Soil factors 
Soil samples were taken from the top 50 mm at each site at 
the start of the experiment and soil pH, conductivity, 
percentage moisture and percentage organic matter measured 
(Lubke & Avis 1982a). Water potential was measured in the 
root zone of the soil, at a depth of 50 mm, on 22 May, 5 
and 26 June 1983. The readings in June were taken for both 
covered and open sites (See section 4). A Wescor HR-33T 
Dew point microvoltmeter and Wescor soil psychrometers 
were used and measurements were made using the Dew point 
mode of operation of the meter. 
4. Transplant experiments 
Seed was collected in early February 1983 at the study site 
and densely sown on beach sand in seed trays on 13 February 
1983. Six weeks later 50 seedlings were transplanted a few 
em apart in trays of 300 x 270 mm to reduce the effects of 
intraspecific competition. During a five-week acclimatization 
period the amount of water received was steadily reduced to 
approximate the natural situation. Seedlings were planted at 
seven sites in the study area on 24 April 1983 (Figure 1) and 
watered after this initial planting. 
At each site two plots of 25 seedlings were left exposed and 
two plots, on the west side of the profile, were covered with 
brushwood (Figure 1). The aim of the brushwood was to 
reduce sand deposition but it was later found to increase sand 
accumulation because it formed a windbreak and reduced 
wind velocity. The two plots with brushwood cover where 
sand accumulated were therefore treated as the experimental 
plots, while the uncovered plots acted as controls. 
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The growth and survival of these plants was monitored over 
a three-month period until 26 July 1983; the height of seed-
lings being measured initially and at each visit to the study 
site. The height and biomass (including roots) of individuals 
were measured using plants of various sizes grown in the 
greenhouse. These data were used to calculate the following 
regression equation to estimate biomass in mg (Y) on the basis 
of measured height in mm (x) : 
y = - 2,425 + 1 ,203x (? = 0,839) 
To monitor the sand movement, two flat rocks were buried 
at known depths and at measured distances on each side of 
the seven sites. One rock to the left of the experimental plot 
was covered by brushwood and the other to the right of the 
control plot was left open. The depth of these rocks was 
recorded at each visit; the change being used to estimate sand 
accretion or erosion. 
Results 
1. Climatic data 
Temperature data (Figure 2) show that there was a wide daily 
fluctuation in maximum temperature for the duration of the 
study. It varied from 14 to 35 oc with a mean maximum 
temperature of 21,6 oc ( ± 4,35). The variation in minimum 
temperature was not as great and only varied from 4 to 19 oc. 
The mean minimum temperature was 12,3 ( ± 3,0). 
A limited amount of rain fell fairly evenly during the course 
of the study (Figure 2). However, the only heavy rains fell 
on 24, 25 and 26 July 1983 with 98,1 mm of the total149,6 mm 
falling on these three days. From these data it appears that 
there may not have been sufficient precipitation during the 
course of the study and this may have been a limiting factor 
in the growth of S. nodosus seedlings. The predominant winds 
were westerlies, north-westerlies and easterlies (Figure 3). 
Westerly winds were the most significant with 3607o of the 
days experiencing winds in this direction and 4% of the days 
having winds in excess of 20,0 m sec- 1. 
A single reading of light intensity was made at 15h00 on 
2 September 1983. It was lowest at site 7 (8,67 JJ.E m - 2 sec- 1) 
because this site was shaded from about 14h00 as it is on a 
south-facing slope. For most of the day it would receive light 
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Figure 2 Daily maximum and minimum temperatures for the duration of the study. Arrows indicate days on which it rained and the 
figures above are the total rainfall and mean values in parentheses (Weather Bureau 1983) for the months of May, June and July (in mm). 
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Figure 3 Wind rose produced from data of wind speed (m sec - 1) 
and direction for the duration of the study. The scale represents 
the percentage of readings for a particular duration, calculated from 
the total number of readings taken. 
intensities similar to those of sites I, 2, 3 and 5. Low values 
were also obtained from sites 4 (17 !J.E m- 2 sec- 1) and 
6 (22, I !J.E m - 2 sec - 1), both of which are located in the centre 
of the vegetated dune slacks. This is due to shading of these 
sites by the larger plants for most of the day. In open areas, 
e.g. sites I and 3 (93 !J.E m - 2 sec - 1), site 2 (88,4 !J.E m - 2 
sec - 1) and site 5 (9I,8 !J.E m - 2 sec - 1) , much higher values 
were recorded. S. nodosus, being a pioneer of dune slacks 
(Lubke & Avis I982a), usually grows in areas of high light 
intensity and prolonged shading may be detrimental to the 
growth of the plants. At each site the brushwood cover was 
found to reduce the amount of light received by a mean of 
22,60Jo, but it is thought that this decrease was not sufficient 
to reduce growth markedly. 
The wind speed recorded at the Great Fish Point Light-
house was high when the salt traps were set up but values 
were lower on the second day (Tables I & 2). The wind speed 
was also measured at the study site on the second day and 
values were lowest in the region between the fore and rear 
dunes (0 - 0,4 m sec - 1) and highest at sea level {3,6 m sec - 1); 
almost as high as that recorded at the lighthouse at I5h00 
(4,6 m sec- 1, Table I). 
Table 1 Wind speeds and direction at Great Fish 
Point Lighthouse when the salt spray was measured 
Thursday 1.9.83 Friday 2.9.83 
Speed Speed 
Time of day Direction (m sec - t) Direction (msec - t) 
08h00 East 7,70 North 9,27 
09h00 East 11,30 North 9,27 
IOhOO East 12,36 North 9,27 
llhOO East 13,90 North 7,70 
12h00 East 12,36 North 7,70 
13h00 East 13,90 North 6,20 
14h00 East 13,90 North-east 4,60 
15h00 East 13,90 South-east 4,60 
16h00 East 13,90 South 4,60 
17h00 East 12,36 South 4,60 
2. Salt spray 
The recorded salt spray was greatest at site I {Table 2) as it 
is closest to the high energy tidal area where wind speeds are 
highest and larger salt particles are carried in the wind stream. 
At site 2, the Cl - concentration recorded was low as this site 
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Table 2 Chloride concentration measured at the 
seven sites along the profile on 1 and 2 September 
1983, and the wind speed recorded at 15h00 on 2 Sep-
tember 1983 
Mean O'fo of the total 
Cl - cone. Cl - inter-
Site Distance from (mol per cepted at Wind speed 
no . sea (m) dm - z) each site (m sec - t) 
I 12 76,20 43,40 3,6 
2 53 6,94 3,95 0,4 
3 68 41,20 23 ,50 0,4 
4 75 2,40 1,37 0 
5 92 6,45 3,67 0 
6 121 0,143 0,081 0,4 
7 200 42,24 24,00 0,6 
is located in a hollow protected from the onshore winds and 
the vegetation intercepts some of the wind-borne salt (McAtee 
& Lynn Drawe I981). The amount of wind-borne salt recorded 
at site 3 was high (4I,2 mol Cl- dm - 2) despite the area being 
sited behind a dune covered by Acacia cyclops Cunn. This 
area is not well protected from the onshore winds (from the 
S.E.) and consequently more wind-borne salt is trapped at 
this site. Low amounts of salt are intercepted at sites 4, 5 & 6 
where there is no obstruction to the wind as it passes over the 
depressions behind the foredunes and less spray is lost from 
the wind stream and deposited on the plants. Although site 7 
is over 200 m from the high water mark, a large amount of 
salt was intercepted because the force of the wind was 
deflected upwards by the foredunes and struck the first 
obstruction, the crest of the rear dune. Therefore, at site 7, 
more salt was intercepted than in the hollow between the 
dunes . This was also observed by Oosting & Billings (1942). 
These readings show the general trend of salt spray from 
the foredunes to the coastal scrub. Along this section of the 
coastline winds ranging from the south-west to the east with 
a velocity exceeding about 7 m sec - 1 (Boyce I954) would have 
the direction and the velocity to carry salt spray inland onto 
the dunes. From Figure 3, it is clear that of the 94 days on 
which plant survival was monitored, 4I days had winds that 
could have resulted in a significant salt spray. This is sufficient 
to have had a detrimental effect on the growth of S. nodosus 
seedlings on sites where salt deposition was high (Lubke & 
Avis I982b). 
3. Soil factors 
Soil conductivity at site I was high {Table 3) as the salt 
deposited on the soil by spray is greatest at site I {Table 2). 
The sand can become damp from the salt spray and even 
though leaching is rapid, the conductivity still increases 
significantly. The conductivity recorded at the other six sites 
Table 3 Soil characteristics recorded at each site 
(mean ± S.E.) 
Conductivity OJo Organic . 
Sites ohms cm - t pH O'fo Moisture matter 
I 654±85,8 9,51 ±0,055 0,862±0,35 1, 19±0,096 
2 310±59,5 9,54±0,055 2,25 ±0,642 1,79±0,29 
3 262±33 9,56±0,081 5,48 ±0,53 2,08±0,28 
4 288±61,5 9,5 ±0,10 13,57 ±2,09 2,43 ±0,97 
5 308±66,8 9,56±0,05 1,65 ± 1,05 2,58±0,508 
6 356±68 9,52±0,079 2,72 ±0,165 1,82±0,272 
7 280± 152 9,34±0,097 1,33 ±0,42 2,53±0,56 
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(Table 3) was well within the range observed in the dune slack 
where S. nodosus plants become established (Lubke & Avis 
1982a). 
Site 1, which was situated on sloping mobile sand, had the 
lowest percentage moisture value. Sites 2, 3, 4 and 6 have 
higher values because moisture gravitates from the dunes into 
the slacks where these sites were located (Figure 1). These 
values correspond closely to those recorded by Lubke & A vis 
(1982a) for the dune slack of this region. Site 5, which was 
on a slight north-facing ridge, had a lower moisture level as 
it tended to dry out more than the other regions within the 
slack . Rain water interception by shrubs above the exposed 
part of the dune at site 7, and the dry exposed nature of this 
area may be reasons for the lower moisture value recorded 
here (Table 3). 
The soil water potential (Figure 4) of the sites covered by 
brushwood was significantly lower than the exposed sites 
(t = 2,2; p = 0,05). Salisbury (1925) reported that water 
increment from dew formation was sufficient to maintain 
plants in rainless periods. It is most likely that this brushwood 
cover prevents the process of internal dew formation, thus 
reducing the amount of soil water generally available on 
exposed dunes. Sites 3, 4 and 6 had higher water potentials 
for the duration of the study period because they are situated 
in the moister slacks. Despite the low percentage moisture 
recorded at site 7 (Table 3), water potential values were 
relatively high and it is unlikely that water was any more 
limiting here than at sites 3, 4 and 6. However, values at sites 
1 , 2 and 5 were lower and it is possible that water was a 
limiting factor at these sites. 
The percentage organic matter is related to the amount of 
vegetation present, being greater at better vegetated sites, such 
as 4, 5 and 7. There was no notable difference in the pH at 
each site (Table 3). 
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Figure 4 Soil water potential recorded at each site on three 
occasions during the course of the study. (A) Plots covered by 
brushwood. (B) Plots uncovered. 
4. Transplant experiment 
The results are expressed in Figure 5 which shows both the 
change in total biomass and number of plants at each site 
during the period of study. Biomass was calculated from plant 
height, measured during each visit to the study site, using the 
regression formula. The change in sand depth is also recorded 
for the brushwood covered (A) and uncovered plots (B). 
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Plants at sites I and 2 survived for only 4 weeks (Figure 5). 
At site 2 this was probably due to sand movement, but at 
site I relatively little sand accumulation occurred. The sand 
up to the high water mark is damp from wave action and 
salt spray and thus reduces the amount of mobile sand. A 
similar observation was recorded by McAtee & Lynn Drawe 
(I98I) . Light intensity, pH and percentage organic matter at 
site I were similar to values obtained at other sites, but the 
percentage moisture content was lower (Table 3). At 28 days 
the water potential was high (Figure 4) and the conductivity 
was more than double that of the other sites (654 mhos em - 1) 
owing to the effect of the salt spray which was greatest at 
site I (Table 2). Most plants cannot survive when salt 
concentrations exceed 800 mhos em- 1 (Bower & Wilcox I %5) 
and the high salt spray, together with a relatively low 
percentage moisture appeared to be limiting factors, with sand 
movement being of less importance. 
At site 2 a large amount of sand was deposited (Figure 5) 
and this was probably the main reason for the early death 
of the Scirpus nodosus plants. However, the percentage 
moisture and percentage organic matter were relatively low 
(Table 3) and the soil water potential at 28 days was very low 
(Figure 4), suggesting that these factors were important in 
determining the survival of the plants. Soil conductivity was 
high (360 mhos em - I) but the Cl - concentration in the salt 
spray was low (6,94 mol Cl - dm - 2). It appears that salt spray 
was not important in causing the death of plants at site 2 but 
the low soil moisture and sand accumulation were most 
significant. 
Plants survived for a longer period at site 3 than at the 
previous two sites (Figure 5) with plants in open plots surviving 
the longest. More sand accumulated on the covered plots, with 
60 mrn of sand covering plants after 28 days, causing a similar 
death rate to the previous two sites. This site is located at 
the seaward edge of the slack in mobile sand where S. nodosus 
plants have not become established (Figure I). The percentage 
moisture, percentage organic matter, conductivity and pH 
(Table 3) are similar to values obtained in this slack which 
was studied previously (Lubke & Avis 1982a) and water 
potential values were consistently high (Figure 4). The amount 
of wind-borne salt was 4I ,2 mol Cl - dm - 2 but this value 
was similar to that recorded at site 7 (Table 2) and salt spray 
was probably not instrumental in causing the death of plants 
at this site. It appeared that sand movement, particularly in 
the covered plots, was responsible for the death of the plants. 
At site 4, located in the centre of the established slack 
(Figure 1), survival was not better than at site 3, despite the 
absence of sand movement (Figure 5). All the soil factors 
measured (Table 3 and Figure 4) are favourable for growth 
of Scirpus nodosus and there is a small amount of wind-borne 
salts (Table 2). As this site is located within the established 
slack, the reason for the low survival of plants is most likely 
due to intraspecific competition from the surrounding S. 
nodosus plants, especially for light which will be low for most 
of the day owing to shading by the taller plants. 
Survival at site 5 was better than that at the previous four 
sites, despite the slightly larger amounts of sand deposited 
(Figure 5). It was noted that the decrease in biomass of these 
plants was proportionally larger than the decrease in the 
number that survived. These plants were covered by sand, 
thus making the recorded heights less than actual plant height. 
Soil factors appear to be compatible to growth (Table 3), 
except for a relatively low percentage moisture and a low water 
potential, particularly in the covered plots (Figure 4). Light 
intensity and salt spray (Table 2) were also suitable for growth 
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Figure 5 The decrease in the total biomass (mg) and number of plants at each station for the duration of the study (- .&- number 
of plants, and -•- total biomass). (A) Plots covered by brushwood, (8) plots uncovered. The inset shows change in sand depth during 
the course of the study. 
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SITE SEVEN 
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Figure 5 continued 
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of the plants. Site 5 was located to the leeward side of a small 
shadow dune formed around ]uncus krausii Hochst. and S. 
nodosus plants (Figure 1). The predominant west and north-
westerly winds during this period (Figure 2) caused the sand 
deposition at this site, with greater amounts on the covered 
plots which are on the west side (Figures I & 5). This effect 
is enhanced because in shadow dune formation the centreline 
behind plants is the source of maximum deposition where the 
opposing vortices meet (Hesp 1981). This occurred behind the 
J. krausii and S. nodosus plants at the edge of the site and 
thus sand burial as well as the low moisture level at site SA 
caused the death of these plants. At site 5B death was mainly 
due to exposure of the roots by sand erosion. 
Site 6 is located in the centre of a small slack 120 m from 
the high water mark (Figure 1). Here plant survival was good 
(Figure 5). All environmental factors measured are compatible 
with plant growth (Tables 2 & 3); the lowest value for salt 
spray being recorded. The substantial plant mortality at 28 
days was probably due to the low water potential recorded 
at this time (Figure 4) and the steady decrease in plant survival 
up to 63 days was due to shading by the other slack species 
such as the shrubs, Passerina rigida Wikstr. and Stoebe 
plumosa Th. At 93 days no plants had survived and this was 
due entirely to burial by large amounts of sand. This sudden 
increase in sand movement was caused by strong westerly 
winds (22m sec - 1) on 21, 22 and 23 July 1983, followed by 
a storm and high rainfall. Had this not occurred, plants would 
still not have survived at this site owing to interspecific 
competition. 
The survival of plants at site 7, located at the edge of the 
coastal scrub on a level platform (Figure 1), was the greatest, 
with 200Jo still surviving after 94 days and I 6% still surviving 
on I3 March 1984, 8 months later. Environmental factors 
(Table 2 & 3 and Figure 4) were compatible to growth. How-
ever, the lowest light intensity wa> recorded at this site (8,67J..LE 
m - 2 sec - 1) because the reading was taken in the afternoon 
when this slope was shaded. This low light intensity for a short 
period of time does not appear to be harmful to their growth. 
However, low values all day would probably be detrimental 
because under normal conditions, as pioneers of moist dune 
slacks, Scirpus nodosus plants are exposed to much greater 
light intensities such as those experienced at sites I, 2, 3 and 
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5. Further experimental investigation would be required to 
substantiate this. Biomass values obtained would have been 
greater at site 7 but a number of plants were grazed, 
presumably by small mammals. 
Because plants still survived at site 7 despite the high 
amount of salt spray received (42,24 mol Cl - dm - 2), it 
appears that the amount of wind-borne salt is less important 
than sand deposition which was relatively low (Figure 4). This 
area is fairly stable with little sand movement and with 
correspondingly less physical damage to plants which increases 
susceptibility to salt spray (Boyce 1954; Donnelly & Pam-
menter I 983). The effects of salt spray will therefore not be 
as great as they would be in areas of mobile sand on the fore-
dunes. The low soil moisture and grazing by small mammals 
was responsible for the decrease in the number of surviving 
plants and their low biomass at this site. 
Discussion and Conclusions 
In many coastal ecosystems one of the most important factors 
controlling vegetation of beaches is salinity, especially that 
carried by salt spray (Oosting & Billings 1942; Oosting I945; 
Boyce 1954; Clayton I972; McAtee & Lynn Drawe 1981; Don-
nelly & Pammenter 1983). The salt comes from the bursting 
of individual bubbles spread over the sea surface by the 
oscillating swash. The jet caused by this bursting breaks into 
drops which are carried in the wind (Boyce 1954). However, 
little salt is carried in winds which are below force-4 (5,4 to 
7,7 m sec- 1) and which are necessary before whitecaps, 
containing the bursting bubbles, are produced on the wave 
(Boyce 1954). This area of the coast experiences strong winds, 
usually greater than force-4 (Figure 3), and salt spray is 
therefore an important factor in this dune system. 
Stuhlman (1932) reported that although salt particles from 
the breaking surf may be carried long distances inland, the 
greatest concentrations are carried only short distances because 
of the weight of the large particles. The maximum amount 
of salt accumulates outside the intertidal zone and decreases 
with increasing distance from this zone (Boyce 1954; McAtee 
& Lynn Drawe 1981). 
The size of the salt spray droplets deposited on coastal 
plants will vary with the size and position of the collecting 
surface. Flat leaves accumulate less salt per unit area, whereas 
108 
small and needle-like leaves are more efficient collectors of 
the smaller droplets of salt (Boyce 1954). The rate of entry 
of the harmful chlorides is associated with the prevalence of 
wind, and occurs through traumata caused by the moving 
sand (Boyce 1954). The detrimental effect of salt spray on 
these plants is great because the coast is very windy, with only 
3,1 o/o calm days (Figure 3). Salt spray is known to reduce 
the growth of S. nodosus, especially the smaller plants (Lubke 
& Avis 1982b ). It also increases the salinity of the sand 
A 
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(Oosting & Billings 1942; McAtee & Lynn Drawe 1981; Lubke 
& Avis 1982a) which is reduced by leaching (Clayton 1972). 
The low and irregular rainfall during the study was probably 
responsible for increasing the edaphic effect of salt spray, 
represented by the high soil conductivity values obtained at 
some of the sites (Table 3). 
During the period of the study, the dominant winds were 
westerlies, north-westerlies and easterlies (Figure 3). About 
36% of the winds recorded during the study period were from 
the west, 4% of them reaching speeds in excess of 20,0 m 
sec- 1• Winds of these velocities are capable of moving large 
amounts of sand across the mobile dune system because under 
normal conditions a minimum threshold velocity for dry, me-
dium grain-size sand is about 4 m sec - 1 (Bagnold 1954, 
quoted in Hesp 1981). The extent of the vegetation along the 
transect was first illustrated by Lubke (1983) and sand 
movement from the west has been monitored photographically 
over a period of three years (Avis 1983). The effect of sand 
on the succession of vegetation is apparent in these photo-
graphs (Figures 6a-c). During the storm on 22, 23 and 24 July, 
when westerly winds of 22 m sec - 1 blew for the whole day 
on 22 July, a large amount of sand deposition occurred 
(Figure 6c). 
Hesp (1981) showed that plant width is more important 
than wind velocity in affecting the length of a shadow dune, 
but the greater the wind velocity the shorter the dune for any 
particular width of plant. S. nodosus is very narrow leaved 
and in an area of high wind velocity a large amount of sand 
will therefore accumulate immediately behind the plants. The 
effect of wind-blown sand and salt is thus greater on narrower-
leaved plants such as S. nodosus making them unsuitable for 
dune stabilization. Areas experiencing high regional wind 
c 
Figure 6 Profile of the study area viewed from the rear dune 175 m from the high water mark. (A) July 1981, (B) April 1983, 
(C) August 1983. Sand movement from the southwest and northeast has reduced slack I significantly. The extension of slack 2 towards 
the east is also apparent. The large change between April and August 1983 is due to the storm and strong westerly winds in late July. 
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velocities would therefore require plants of greater width and 
density for best sand trapping and stabilization (Hesp 1981). 
Donnelly & Pammenter (1983) found that salt spray and 
sand deposition are major factors in controlling the zonation 
and distribution of the vegetation on the Natal coastal dunes. 
Although the results presented here do show a similar trend, 
the effect of salt spray is not as marked and sand deposition 
appears to be more important (Figure 5). Wind moving close 
to the soil surface picks up and carries soil particles roughly 
in proportion to its velocity cubed. Low wind speeds move 
the sand grain-by-grain along the surface whereas higher winds 
can actually move the sand in suspension through the air 
(Godfrey 1976). The displacement of wind upward from the 
ground level in the presence of vegetation causes the sand to 
be deposited much closer to the high water mark or its area 
of removal and reduces the amount deposited in areas further 
inland (McAtee & Lynn Drawe 1981). Where vegetation exists, 
mobile wind-borne sand is trapped, expediting embryo dune 
formation. Sand blown into areas Jacking vegetation is 
deposited on the crest of the foredunes and in the hollows 
behind them (McAtee & Lynn Drawe 1981). This area of the 
coast is not well vegetated (Lubke 1983) and the effect of 
wind-blown sand is thus increased, burying and causing the 
death of less tolerant plants along the profile. A similar result 
was found by McAtee & Lynn Drawe (1981) who said that 
a reduction in species diversity occurred in areas with more 
wind-blown sand. 
Of the soil factors measured, pH and percentage organic 
matter did not vary significantly enough along the dune profile 
to play a role in the survival of the seedlings. Van der Valk 
(1974) recorded a similar result at Cape Hatteras. Only at site 
I was conductivity high enough to be detrimental to plant 
survival (Table 3). The percentage soil moisture here was also 
low and water potential high enough to adversely affect the 
growth of plants. The values at sites 2 and 5 were also low 
and probably did affect the growth of seedlings even though 
similar values have been recorded within the slack (Avis 1983). 
However, no seedlings were present in the slack and this could 
be attributed to the low rainfall over the past 12 months. 
The mean Cl - concentrations intercepted at sites 1, 3 and 
7 were greatest (Table 2). At the other sites the concentrations 
were too low to have any effect on the Scirpus nodosus 
seedlings (Lubke & Avis 1982a). At site 1 the concentration 
was very high and this must have had a detrimental effect 
on the seedlings. At sites 3 and 7 the effect did not appear 
to be significant. 
Burial of the seedlings by sand together with the low 
moisture content of the soil were the two most important 
factors causing the death of the plants at sites 2, 3 and SA. 
At site 5B death was due to sand erosion exposing the roots. 
At site 1 growth was reduced mainly as a result of the soil 
factors mentioned previously as well as salt spray. At site 4 
the low survival of plants was mainly due to competition from 
the other plants within the slack for light, and this together 
with burial of seedlings caused the death of plants at site 6. 
Despite a relatively large amount of salt spray intercepted at 
site 7, survival was the greatest. It thus appears that salt spray 
was less important in causing death than the low moisture 
levels recorded. At site 3 salt spray was probably also of less 
importance than at site I. However, at all sites except 4 and 
7, sufficient sand movement occurred for sand burial to be 
a major detrimental factor in the growth of S. nodosus plants. 
Vander Valk (1974) found a similar trend at Cape Hatteras 
and concluded that sand movement was most important in 
limiting forbs from the foredunes and that salt spray was of 
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secondary importance. 
The strong winds along the unvegetated dune system 
expedite the deleterious effects of wind-borne sand and salt 
spray. Because narrow-leaved plants are more susceptible to 
salt spray and cause more sand deposition around them 
(Boyce 1954; Hesp 1981 ), the effects of these two factors will 
be greater on S. nodosus plants. The seedlings are not very 
competitive within the established slacks, despite the low 
amount of salt spray and higher moisture levels detected in 
these low lying areas, and appear unable to compete success-
fully with the larger plants for light and water. Thus, although 
Scirpus nodosus is a successful pioneer of the dune slacks its 
morphology and growth requirements limit its ability to 
become established in shifting sands or in vegetated dune 
slacks. These fmdings support our observations (Lubke & Avis 
1982a) that Scirpus nodosus plants germinate following 
adequate rainfall in moist slacks and are pioneers of these 
open habitats where there is little salt spray and sand 
deposition. Although the older plants can tolerate drier 
conditions and sand deposition they are replaced by other 
slack species, such as Juncus krausii and the shrubs Stoebe 
plumosa and Passerina rigida, in the natural succession of 
the dune slack. 
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